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Chemistry  of  Bluo-Qreen  Algae  (Cyanophyceae) 
by 

G,  K,  Barashkov 

Bluish^green  algae  are  distributed  preferably  in  fresh  water.lXirlng  seme  periods 
of  the  year  the  sea  form  of  these  algae  nay  constitute  a  considerable  part  of  the 
phytoplankton*  but  their  total  value  in  the  sea  is  inferior  to  the  role  of  other  types 
of  algae. 

In  recent  years  are  appearing  >iultc  large  numbers  of  investigations  dealing  in 
photosynthesis  and  mineral  nutrition  of  bluish-^een  algae*  as  well  as  dealing  in 
other  problems  of  their  physiology.  In  these  conditions  of  ©faat  importance  is  the 
knowledge  of  their  chemical  composition  as  bases  to  comprehend  the  processes  occurring 
in  them.  The  knowledge  of  the  chemistry  of  algae  is  alto  necessary  for  proper  evalu. 
ation  of  their  role  in  nature.  The  existing  review  of  the  biochemistry  ond  physiology 
Of  bluish^g^een  algae  (Fogg  195^)  beceme  somewhat  obsolete*  besides*  no  suffi* 
dent  attention  is  devoted  in  it  to  the  chemistry  of  tbeso  organisms. 

Carbohydrates 

The  total  amount  of  carbohydrates  in  blulsh-^oen  algae  reaches 
the  very  same  order*  as  in  brown  and  red  algae  (Goryunova *1950). 

tono  and  Oligosacoharidos.  Conventional  determination  of  reducing  sugars  in  alcoKol 
extracts  of  bluish-^reen  algae  with  the  aid  of  Fellng  liquid  always  gives  a  ne<^> 
ative  result.  For  example,  S.V.Goryunova  (I950)  found  no  reducing  sugars  in  Cscilla- 
torla  splendlda*  and  (ihyen*1953)  in  Hivularia  bullata,  Calotbrix  pulvinata  and  l.'osltfc 
casune.  But  in  some  form  have  been  found  traces  of  free  monoses.  Axtd  so*  vdth 
the  aid  of  chroma to^apbic  analysis  of  alcohol  extracts  Nostoo  museorum*  fffowu  in  an 
artificial  modim  from  C^^*  was  found  glucose  and  in  free  form,  and  in  for.',  of 
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(liorrlfl  1*.  ICorrls  .n.Z;  C^lvint  1955) >  It  sust  ba  takoa  into  ecnsiuc;?ai;ioa 
hotiievor  that  nostot  possesses  a  ^r.^ter  sliay  cover*  and  this  does  not  allovi  to  ob¬ 
tain  a  baotorial  less  culture.  It  Ic  therefore  nooessary  to  practice  ocrc  ulth  rcspc-ot 
to  this  fact* 

olisos&ocbcrides  la  aluisb-i^aen  slsae  have  been  detected  trehaloss^su^sar, 
found  luder  natural  conditions  only  in  aaishroons  and  red  cl,':ae.  In  alodiol  cntraots 
^stot^oiseoansa  were  detected  ti’nccs  of  saccharose  (Norris, L;  Norris  3.S«Cal‘7in,I955) 
but  this  is  not  vithout  doubt. 

^Ivoses.  Up  until  ncv/  polysncchnridco  of  bluish-^eon  c.  l~sa  have  not,  been  suf¬ 
ficiently  invostiaatod.  Dut  a  najority  o?  scicnticts,  occupyin:;  thaaselves  with  this 


probleia,  assumes,  that  the  basic  ccr.poncr.t  of  thecc  al^ae  arc  rucoid  polysaoohsridtfs 
azinlosous  to  such  of  red  al^ae  (Fojj  19jO.  It  ^bould  be  pointed  out’,  that  sines  1938 
when  ihyen  uadortook  to  study  “jIucs  of  three  types  of  bluish-croen  al0iS,froQrsss  in 
explaining  the  structure  of  these  polyoscs  woo  very  srull,  p;rtially  beosuss  Of 
their  exclusive  stability  to  acid  aiiu  alkali  hydrolysis,  Kylin  (1943)  disoovared  no 
free  sugars  in  sea  algae  Cslothrix  scopulorum. 

1‘lieold  bluish-green  algae  ere  well  extracted  by  hot  water 

extraetioa.Zn  this  way  was  extracted  a  slug  from  Nostoc  spt  (l{ou^,J'oDai|,VMb:an,19S?)t 

e 

frea  FhOQR&idiUBi  tonus  (Ibyen,1953)»  Rivulnria  8p.CJhyen,1938)  and  frost  oslothriz 
(S^lin,19i|3)*  Froa  juiabaona  eylindrica  these  polysacobaridea  wore  extraetad  with  a 
4^  sodium  hydroxide  (31shop,  iVdoms,  I&tghes,1954)l  tvaa  Osoillatovia  splaadida  •  with 
hot  S^hydrooblorio  acid  (Goryunova ,1950);  Nostoc  ousoorttm  -  l(X&*tviohloroaeeftio 
acid  and  then  settled  with  ^O^ethanol  (Bisti-ss, 1957s).  In  the  la  ter  oast  the  yield 
eq.uallad  3^5  -  kSi  ot  dry  woi-jht  of  olgae* 

In  ^drolyaates  of  various  algae  are  detected  various  sugora  and  tgfOBio  a^dt* 
ivitan  investigating  polysaooharidos  of  fresh  water  algc-.o  ihormidlum  toago  WM  oMalMiel 
a  d«(tVO-rotary -axtraot,  in  which  after  soft  hydrolysis  were  f ound''1|iinigt(^^  ■■ 
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nosoy  Qlucose,  aad  galactose*  Trm.  neutralized  hydrolysate  was  obtained  e  ll^ht  deposittoi! 

of  jaanauronic  acid  (Iteyoa,1953)»  Bfeviou''L;’'tv;hea  hydrolyzing  polysaccharides  from 

Bivularia  bullata,  Calothrix  pulvinata  and  Nostoc  eocaouse  were  obtained  in  addition  to 

uronlc  acids  glucose  and  arabinoso  in  the  first  algae*  galactose  and  mannose  in  the 

second  and  arabinose  in  the  third  one  (Ihyan,  1938). 

Micoid  polysaccharides  from  Calothrix  scopulonua  have  in  their  composition 

ester-bound  sulfuric  acid,  neutralized  by  calcivjr.  and  laagnesiua  (I5yiin,19i)3)» 

analogy  vri-th  nolj'aaccharides  of  red  elgao  suppleiaonts  the  difficulty  of  their  hydro- 

liasing,  And.  so,  when  hydrolyzing  cltigs  of  llontoc  it  is  quite  easy  to  hydrolyse  about 

6o%,  The  remeiniag  part  cleaves  rt  a  much  lover  rate.  Tncj  poorly  hydrolizablo  part 

consisted  of  uronle  adds-  glucouronic  and  galnctouronlc.  In  spite  of  the  greater  resist—. 
«•"/ 

fee  of  the  polysaccharide  to  hi'drolysis.  It  was  .  o';3ioIo  to  establish,  that  it  con¬ 
tains  about  3^  of  hexuronic  acids,  10%  rfaaaBi080,25%  xylose  and  35^  galactose  with 
small  admixture  of  glucose  and  unidentified  sugar  Cl3ough,Jon®.'»/dadman,1952)» 

Poly  sac char ides (extracted  from  Nostoo  ouesorum  with  trichloruacotic  acid  and  ^pt-so- 
lutlon  of  caustic  soda,  were  found  to  be  very  similar  in  qualitative  cemposition 
(Bis^ias, 1957s) •  ^t  was  explained, that  these  polysaccharides,  or  polysaccharide,  are 
in  seneway  bound  with  nucloinlc  acids  of  the  cells  (B1.swqs,195^)* 

A  highlj'  resistant  to  hydrolysis  polysaccharide  was  separated  fren  Anabaena  cyl- 
indrica.  After  continuous  hydrolysis  the  researchers  detected  in  it  glucose,  galactose, 
sylose,rhai!nosa,  arabinose  and  glucouronic  ccid.  Th.’  roolar  ratios  were  found  to  be 

respectively  (Slchop,  Adaias,Iiughes,1950»  structure  of  the  polysaccharide 
has  not  been  ii'.veotig3*t0d,  it  can  unly  bo  asrujned  after  continuous  turning  of  the 
u-.tr&cts,  that  costly  .  in  it  are  alpha-form  bonds,  Jlxperiiaont*  with  acetylation 
of  this  poly  see ohsrlde  wore  found  to  be  without  results. 

It  l3  evident  frem  above  mantioned  data  th-'t  do  not  coincide  with  each  other 
neither  in  quality  xior  in  quantity*  I-!bst  likely  this  is  explained  by  the  fact  that 
in  bluish*>0reean  algae  exist  several  hard  to  separate  polyoses, differing  In  various 

jtj-TI-63-193/1  3 


fonas.  The  opinion  war.  olco  e;:..re£ociJ,  tbot  these  polysaccharidoa  con  bo  found  in 
several  states,  diffcrin-  frora  each  other  in  physical  properties.  These  difforeixcos  ore 
caused  by  various  degrees  of  dearrre^ation  of  aioleculas  ( Goryunova, 1950)» 

At  a  (general  property  of  mcoid  polysaeeharideR  of  bluish-creon  alcae  should  bo 
mentioned  their  poor  hydrolyzability  with  acids  and  alkalis.  The  fact  of  incomplete 
hydrolysis  of  Oscrllatoria  a.-..oana  shells  of  volysacchsrosis  v;ith  lyrocine  also  attests 
to  the  same  (Fuhs,195')« 

Wo  can  speak  about  the  presence  in  bluish-tTcon  aleae  of  a  reserve  polysdi^charidc 
-  *  starch  of  bluish-preen  ",  TTicy  are  detected  by  the  reddioh-bro\m  color  v;ith  iodimt. 

.  „  and,  probably,  are  present  in  plonts  in  form  of  subnicroscopic  .'■•rc.nules  (Kylin, 

1943 )•  Prior  to  Kylin* 3  investi.^stion  this  cilycosono  kind  substance  has  been  dotecied 
also  by  other  scientists  (Hcglcr,1901,  3uctschli,1902,  Fischer, 1905,  Bayen,1933), 
Starch  of  blu6>^eens  from  Oscillatcria  sp.v;as  separated  with  cold  water, in  which 
it  dissolved  well.  The  solution  had  greater  positive  rotation  (Kough,Jones,Vadi&an,1952), 
This  "starch  *  hydrolyzed  easily  with  a  malt  extract  and  mineral  acids,  but  not  with 
acetic.  During  fermentation  hydrolysis  the  given  polysaccharide, s«par ate d  from  Calothrix 
scopulorum,  gave  maltose  and  glucose  (K/lin,  19i;3).  This  allows  to  assione  an  alpha- 
form  of  the  1,4  type  bond,  in  spite  of  the  fact  that  this  typo  may  not  be  unique. 

During  the  methylation  of  the  mentioned  polysaccharide,  separated  frem  Oscillatoria 
sp.  it  revealed  a  positiva  rotation.  In  hydrolysate  with  the  aid  of  paper  chrenato 
4-rsphy  and  a  coluiji  were  found  trime  !;hyl-,tetramethyl-and  a  small  amount  of  dimethyl 
ylucose  (Hough, Jones.b'adman, 1952).  These  data  allow  to  assumetthat  per  average  number 
of  glucose  radicals,  equalling  23-26,  in  the  chain  of  the  amylopectin  type  exists  one 
nonreduced  terminal  group, 

Pioleculas  of  somewhat  different  value  give  the  synthesis  of  starch  of  bluieh-^reen 
from  glucoso-l-phosphate  with  the  aid  of  ferments  frcia  Oscillatoria  prinoeps.  The 
synthesized  polysaccharide  contained  14-I6  glucose  radicals.  Its  remaining  properties, 
such  as  solubility  in  cold  water  and  coloring  with  iodine|  coincided  with  the  pro- 
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pertleB  of  natural  starch  frcrc  toluish-grecns  (Fredrick, 1951*  1952$  1953)* 

In  addition  to  slugs  and  starch,K;ylin,19l;3  kas  oecasionaly  found  in  bluish-greens 
a  substance,  reacting  as  cellulose  when  treated  with  iodine  and  sulfuric  acid.  VHien 
studying  the  structure  of  the  cellular  shell  of  certain  types  of  bluish-green  algae 
with  the  aid  of  an  electron  oicrosoope  were  found  fibrils  of  a  cellulose  like  sub¬ 
stance  (Schulz ,1955 1  ihrews,Niklowitz,1936t  Nlklowitz,Ih'ews,1956).But  thorough  chemical 
analyses  revealed  practically  no  oellulcse  in  Oscillatorla  splendlda  (Goryunova 

1950)«  Qualitative  reactions  in  this  substance  (l>i5tzner,1955)  during  the  study  of 

certain 

five  types  of  bluish  creen  algae  were  found  to  be  negative  in  contrast  tot  re suits 
of  I^lin. 

^antitatlve  reaetiona  of  carbohydrates  of  bluish-green  algae  are  not  personified, 
with  the  exception  of  the  starch  reaction.  The  cellular  wells  of  certain  algae  as  result 
or  treating  with  periodate  end  Sehiff  reagent  (leukofuchsin)  are  colored  red  (iTings 
heia,19i4)*  ^uh  a  color  of  the  shell  is  obtained  after  treating  the  algae  with  a 
reagent  on  a  pectins  substance  of  higher  plants  -  with  red  ruthenium.  The  methylene 
blue  colors  the  cellular  walls  in  blue  colzs,  reaching  in  some  instances  to  bluish  - 
violet.  All  these  dat^  as  it  would  appear,  indicate  the  presence  in  the  cellular  walls 
of  five  investigsts'  types  of  slgae  of  pectin  like  substances  (Ketzner,1955)*  is 
known  however^  that  similar  reactions  give  also  other  polysacoherides^  with  uronie 
acids  in  their  composition.  Consequently  the  results  of  mlcvockonioal  .  qualitative 
determinations  should  not  be  considered  as  proof  of  the  presence  of  these  or  any  ot¬ 
her  polysaccharides  in  the  algas. 

The  available  data  on  the  chemistry  of  carbohydrates  allow  to  assume  a  i^eater 
affinity  between  polysaccharides  of  bluish-fpreen  and  red  algas.This  is  oonfirmsd  first 
of  all  by  the  presence  of  trshalosa  and  aaterifloation  of  polysaccharides  with  sul¬ 
furic  acis.  The  vary  high  stabili^  of  the  carbohydrate  complex  of  bluish-green  algae 
even  against  highly  reactive  reagents  also  reminds  the  propert  .ee  of  polyoees  of  red 
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algao. 

I.’itrosea  containing  compounds 

The  amount  of  nitrous  substsncoa  in  bluish-green  algae  is  quite  high.  The  total 
content  of  nitrogen  in  Anobaana  cylindtica  culture  of  normal  growth  goes  up  to  6,51^ 
of  the  dry  weight  of  colls,  and  albuiuina  was  discovered  in  the  anount  of  about  'jr,- 
(Fcn-;dea,195l)»  contrast  to  ropresontatives  of  other  types  of  algaa.blue-groen  algao 
shovi  no  reverse  connection  between  the  accurailation  of  lipides  and  the  content  of 
nitrogen  in  the  cells  (Collyor,  Fo'^,195'i)»  The  content  of  nonalbuminous  nitrogen  in 
these  cells  may  exceed  the  content  of  albuminous  nitrogen.  This  has  been  observed  by 
(Krishna-Pillai,  1956)  in  Oscill:  toria,  S'irulina,  Aphanothcco  and  ihormidium  tenue 
of  salted  lagooiis  of  India, 

From  individual  albumins  fro:.;  bluish-green  algoe  are  kna;i^hromoproteides-  phyco- 
erythrin  and  phycocya nines,  which  a;. .  e-er  to  be  additional  pi.'pacnts  in  them  ,  A  study 
of  phycobllinas  from  Arthrospir.a  maxima  showed  that  it  contains  two  phycocyaninas  « 
C-phyoocyanine  and  allophycocyanine, differing  freo  each  other  by  the  chromomorpheus 
groups  (O'h-Bocha,1958),  In  addition  (”n3trc.-,1953)  found  in  cells  of  certain  types 
noticeable  granules,  consisting  of  resurve  albumin  of  bilichro.;ioprotcide  ■Cya.uo'i^^cin*. 

Tlie  small  nuclei  of  eyenephyein,  a..:ong  a  nv.ibcr  of  other  formations,  in  18  forms  -  Anabaena 
hostoc,  Cylindrorpcrmuc,  l'c:ytcn.ma,  TolypcthJfix,  Oscillatoria  and  lyngbya  have  also 
been  observed  by  Tischer,  1957. 

Albuinina  of  bluish-grew'U  .algae  cen.'ist  of  ordinary  amino  acids^  the  amount*  of 
which  contained  in  some  of  them  are  described  in  table. 


Amino  .ncid  composition  of  bluish-green  algae  (in  X  of  tba  aciount  of  al¬ 
buminous  nitrogen). 


. .  .  J  -  -  - 
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Valine 

Fhanylalac 

Sorina 

Olutauic 

Lcuciao 

Isoleucin 

xroline 


1.0 

f 

(0>1 

IJ 

kx 

xt 

—— 

s.o 

n.o 

taolt.^  eoatlr-ucc 


Cystine  — 

.‘x’lides  8. 

Humincfl  — 

0::y  proline 


—  o.o 

8.0  'J.i 


^asos 


total  niirogen  9«}.7  T(».l 


It  is  evident  frou  this  table^  thnt  in  the  inventi*?-' ted  algae  are  encountered 
relatively  largo  quantities  of  •rgiainc  end  anidos.  Arginine  is  detected  also  in 
the  c exposition  of  the  central  body  end  cytoplasna  of  certain  blue-green  algae  and 
by  the  positive  histochemical  reactions  (3i was, 1957b) . 

Of  ether  amino  acids  could  be  monticned  the  presence  in  hydrolj'sates  of  Anabaena 
oylindrica,  Oscillatoria,  I-Iicrocoleus  vaginntus  and  ilastigocladus  laiainosus  a.IMianii* 
nopinelic  acidj  its  amount  constitutes  0.1  -  0,8^  of  the  dry  vjeight  (Uo(ric,Dewey,1953)« 
In  his  review  (FoGg,1956)  underlined,  that  this  acid  was  /ound  also  only  in  scene  bac¬ 
teria  and  in  green  algae  Chlorella  ellipsoidea. 

After  incubation  of  Mostoc  cells  -..'ith  sodium  bicarbonate, containing  traced  carbon 
within  a  period  of  5  minutes  and  studying  the  alcohol  extract  from  it  was  obtained 
active  citrulline,  Ihe  basic  part  of  the  activity,  up  to  70?I,beloaged  to  the  carban^rl 
group  and  only  2-3^  wont  to  the  carboxyl  group  (llalco,Kolm-Hanson,BQ3han, 

Calvin,1957).  Carbamyl  groups  goe  next,  most  likely,ror  the  sjTithesis  of  nucleotides. 

itueleoproteldes,  of  bluish-green  algao  are  no  differnt  in  quality  co..jposition  from 
nude  opr  oto  ides  of  other  organisms  (Bisv;as,1936)  liockeridgc,1927,  was  first  to  find 
adenine, guanine •cytosine  and  uranyl  in  Nostoo  hydrolysates  and  he  identified  same. 

Tlien  Bi£>;a8,195iy  ^ Q  pyronine  and  methyl  green  dye  came  to  the  conclusion  about  the 
accumulation  in  the  central  part  of  cells  of  these  algae  of  ribooucleonic  and  dosoxy 
riboimcloo  lo  acids,  ^gee,  Burris, 1934*  fv.^-uid  in  :.'oBtoo  nusoorum  adenine,  cytosine, 
guanine, thymine,  \iranyl  and  xanthine,  the  ;  .cunts  of  which  were  0,4,  1*1,  0,3,  0*3,  1,0 
and  2.3/S  respectively  of  the  total  nitrogr..  5  -i  the  hydrols'sato.  It  should  bo  pointed 
out,  that  qualitatlvo  reaotioas  can  also  h  r.  lead  to  wrong  ccnduslons.  And  so, 
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cells  of  Oscillatorla  princess  no  positive  ?oylgen  reactionsooharaeteriotie  re> 
action  for  nuoloar  substance.  Apparontlj’,  this  can  be  explained  by  the  presence  in 
algae  cells  of  oertaip  arDu..J.na^  suppresoing  the  Foylgon  reaction. 

It  wae  found,  th.it  in  (Icjooriyribose  nucleic  acid)  the  ratio  of  purines  to  pyri- 
tcidines  equals  0,79  (Sainko,  I.‘'>hid;.,Ueda,1957)»  *hi3  ratio  doc-e  not  appear  to  be  con. 
stant  for  various  bluish-creea  algae.  For  examplo,in  ijl^C  of  fresh  water  type  -  ./Jiacys- 
tia  nidulans-it  was  found  to  be  equal  1,04  (Lcr.;,1953), 

Pteridines  have  been  deteated  cluraraatographioally  in  Anaoystis  nidulons,  Ahabaeaa 
variabilis  and  Nostoc  nuscoma  in  anount, equalling  0,1-0,2;S  of  dry  v'eight  of  algae 
(Forrest,  Van  Baalen,  I't’’ers,1937)»  and  from  A.IIidulans  was  also  separated  alpha-glu- 
coside  of  bioptorin  (Forrest, Van  3aalcn.,rtrers,1953), 

But  the  question  concerning  the  ^ircsence  of  pteridinas  In  living  cells  of  algae 
remaixus  unanswered,  because  a  thorough  study  of  the  condition  of  formation  of  the 
yellow  fluorescent  compouxid  on  chromatograms  showed,  that  it  appears  to  be  an  arte¬ 
fact  of  chromatography  on  paper  (Fuller,  Anderson,  I'iithan,  1933)* 

It  has  been  noticed  already  long  ago  that  in  watei's  blooming  with  bluish-^een 
algae  (in  reservoirs),  togother  with  a  reduction  in  the  number  of  nitrate  and  acs!ioniu.vn 
1  nitrate^  appears  and  accumulates  with  time  organic  nitrogen,  mainly  in  form 
of  amino  aclda(Aleyev,  Mudretsova,193?).  The  fi::ing  elementary  nitrogen  can  be  sepa¬ 
rated  in  form  of  peptides  as  well  as  amidos.  This  was  shewn  on  an  Anabaena  cylindrical 
1  culture.  It  was  explained  that  the  separated  substances  are  not  specific, for  bluisVt— 
^een  algae,  nitrogen  ficcation  products.  They  are  necessary  for  normal  gcov/th, 
and  their  separation  takes  place  alwaySfVrhen  the  algae  grow  under  normal  conditions. 
This  separation  does  not  depend  upon  the  volume  of  culture  media^  ■  presence  of 
accessible  bound  nitrogen  and  glucose,  as  well  as  upon  the  difference  in  li^^t  in¬ 
tensity  (Fogg,  1952),  Tlie  ability  of  bluish-^een  algae  to  fix  atmo^rio  nitrogen 
is  being  iised  preotloally  in  China,  Into  water,  which  cover  rioa  fields,  are  added 
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certain  cultures  of  actively  binding  nitrogen  of  bluish-green  algae  to  fertilize  the 
rice  vith  nitrous  ecupounds* 

As  already  mentioned,  bluish-green  algae  by  the  g^Lialitative  amino  acid  composition 
and  the  composition  of  nueleinic  acids  are  no  different  from  other  algae*  Consequently 
efforts  aro  made,  on  the  basis  of  data  pertaining  to  amino  acid  cemposition  of  algae, 
to  compare  same  to  plants,  offering  most  valuable  nutritive  albumina  for  farm  animals 
(Kclousek,  2asvorl®,1957)«3ut  the  mochanical  uoo  of  results  of  chemical  analyses  to 
evaluate  the  nutritive  value  of  bluish-green  algao  without  consideration  of  other 
factors  may  lead  to  a  greater  error*  And  so,  the  introduction  of  freshly  collected 
cells  ia.crocystia  aeru,:^iuosa  into  the  abdominal  cavities  of  v;hite  mice  caused  ponting 
aiui  death  of  the  animals  within  4“48  hours  ( Uighes, Gorham, Zehnder, 1958)* 

Lipides 

The  content  of  lipides  in  bluish-green  algae  varies  within  small  limits.  In 
Anabaona  cylindrlca  and  Oseillatoria  cultures  the  lipides  amounted  to  2  -  12^  of  dry 
weight  (Collyer,  rogg,1955)  • 

^ats  in  Gleeotrlchla  echinulota  consist  in  approximate  60X  of  unsaturated  fatty 
acids,  l.e*they  are  analogous  in  this  respect  with  lipides  of  other  types  of  algae 
(Maz\ur, Clarice,  1942)*  In  addition,  I>iezur  and  Clarice  noticed  the  presence  in  that  algae 
of  alcohols  ai3d  hydrocarbons.  Goodwin  and  Taba,1951>  detectecl  in  Oseillatoria  sp. 
vmldentified  steroidos.  On  tbe  other  hand  Carter  and  co-workers  found  no  sterols  in 
the  investigated  algao  (Carter ,Hoilbroa,Lythgoe, 1939). 

Pigments  of  bluish  ^oen  algae  have  boen  ^ite  thoroughly  investigated.  In  the 
review,  cevotod  to  pigments  (Cook,1945)  ^otlood  the  presence  in  them  of  chlorophyll  a, 
beta-carotin  and  several  unindentified  oarotinoidos.  In  addition  to  chlorophyll  a 
Handko,  1954-1955  in  alcohol  ertracts  of  10  types  of  algae,  obtained  in  pure  cultures, 
detected  chlorophyll  b.  Chlorophyll  b  was  also  found  in  al£^es  of  hor  sources  Yellcw- 
stono  Bark,  California*  l^svada  (lbman,1940).  Still  Fogg  does  not  consider  Irrsfutible 
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the  presence  of  chlorophyll  b  in  biuish-tprcea  algae  (Fogg,1956)» 

Of  the  oarotinoids,  in  addition  to  beta-carotin,  were  found  small  amounto  of  alpha- 
carotin,  nyxoxantliena,i:yxo:ainthophyil  and  oaoillaxanthine  (Xarrcr, Jucker ,1950)»'i"no 
presence  in  bluish-0feen  algae  of  r3y::ixanthiao  is  highly  specific  and  can  acrvo  as 
an  indication  of  their  development,  if  in  the  past  this  sub'^tance  is  ■f'curui  durinr  the 
ptuly  of  depositions  in  this  or  any  ^ther  reservoir  (Vallentync,1954)»'^'r^ong  all  caro- 
tinoids  per  fraction  of  carotin  beloi^  in  Anabaena  cylindrica,  A.variabilis, 

Coccochloris  elabens,  Cylindro'-neKn’in  sp,  Ihstigocladus  lamino5Us,I-acrccoleus  vaginatus 
.  and  Ilostoc  muscorum  algae.  Other  important  cemponents  of  carotinoids  in  those 
algae  are  ochinenone,  myxoxanthoplij'll  and  zoa:caathin,  iJitein  has  not  been  found  in  the 
onunar^teJ  algae  (Goodwin,  1957;  l’iccher,195S;  Le franc ois,  19 (SO), 

In  this  waj’,  by  the  c apposition  and  ratio  of  oarotinoids  bluish-green  algae  dif¬ 
fer  from  other  photos:'nthesizitig  organisms.  It  is  necessary  to  mention,  that  the  ra¬ 
tio  of  oarotinoids  differs  in  various  forms.  But  \/\ea  studying  tha  different  quality 
of  pi(^nts  in  various  types  of  bluirh-grocn  algae  it  is  necessary  obligatorily  to 
consider  the  conditions  of  their  enisteuce.  For  example,  at  higer  temperatures  as  cem- 
pared  with  normal  in  Osclllstcrla  subbrovis  was  always  observed  a  higher  content  of 
carotinoids  regardless  of  the  illuninatioa  intensity  (Gar nier,1958).  The  very  same 
thing  has  been  observed  in  Anacystis  nidulano  and  Anabaena  sp.  (Halldel,1958)« 

Exactly  like  red  algae,  bluisl/  algae  contain  bilichroinoproteins,or  phyco- 

bilines,  physoerythrln,  pkycocyanin,  ollopbycocyanines  and  others  (Guerin-Dunlartrait, 
i960). 

Other  Irvastigations 

Ash  content  in  bluish-green  algae  may  reach  up  to  10-20^,  iixercasing  in  algae, 
thriving  in  more  saline  waters  .  Tlje  basic  part  of  the  ash  is  made  up  of  fsrric  siHfate, 
magnesium  sulfate,  oalclum  and  potassium  sulfates.  Iha  greater  the  amount  of  chlorine 
.  ions  in  the  siurrounding  water  the  greater  is  the  sulfot?  ion  accumulation  In 
the  algae  cells.  In  the  ash  were  also  detected  J',3,Zn,Ca,l^,Cl  (IQrishna-riIlai,1956)« 
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Fermcntc  of  blutlh-cspen  alrjae  have  been  only  partially  investigated.  Gupta, 1953* 
noticed  that  in  the  surroxiailuj?  ncdiua  they  do  not  form.  In  the  cells  was  found  lipase, 
catalase,  proteinase,  whereby  the  catalase  of  heat  resistant  Oscillatoria  spihas  ro** 
verse  properties  (Kiibln,1959)*  detected  were  aicj'lases,  Inulase,  raffina8e,0Kldase, 
peroxidase,  cellulaso,  pectinase  sad  clyoolytic  ferni2atB,the  presence  of  Invortase 
is  doubtful.  The  absence  of  basic  fennontfi^  inherent  of  starch  aeeurmilating  higher 
plants  (arylase  invertase),  compels  to  assume,  tiiat  the  namo  ■starch*  attributed  to 
one  of  the  polj'saccharldcs  of  bluish—groen  algae,  appears  to  bo  conditional.  It  is 
therefore  advisable  to  call  it  "starch  of  blulsb-GToen" .Interesting  is  the  absence 
in  Anacystls  nidulana  of  aldolase  (Ricl^ter,1959).  indicates  the  extraordinary 
way  of  formation  of  hexoses  during  photosynthesis. 


the  purpose  of  studying  ferments,  sjnithesizing  polyglucosldo  in  Oscillatoria  princeps. 

He  discovered  the  participation  of  two  ferments  in  this  process  -  phosphorylases  ond 
branching  formant,  whereby  the  activity  of  the  latter  was  approximately  20  times  greataij 
than  phosphorylases.  The  reaction  mechaaiaa  of  the  branching  ferment  lies  in  the  fact, 
that  the  glucose  radical  of  the  glucoeo»l-phosphatc  attaches  itself  to  the  6-th  carbon 
atom  of  the  dextran  radical  with  the  formation  of  a-l,6-elucoside  bond  (IVedrlck, 
Milliojan,  1955) .Certain  differences  between  the  polygluooside  cenpositiosx  of  the  mutant 
and  ordinary  roots  of  this  algal (mdrlck,  1956)  is  explained  by  the  differences  in  con^ 
centrationa  of  branching  ferment  and  the  presence  in  normal  root  of  phoaphorylases- 
inhibiting  the  ehsnant  agent  of  amino  acid  nature  (1959)*  the  properties  of  both 
fci-ncats  can  be  mentionad  the  sharp  inhibition  of  same  by  ionic  surface-active  sub¬ 
stances  and.  metal  ions.  This  inhibition  is  removed  upon  the  addition  of  intrecornplax 
compounds,  such  as  ethylenediaminotatra  acetic  and  keyevaya  ?  aclda.  Ion  surface  act¬ 
ive  substances,  apparently,  physically  block  the  active  centers  of  ferments  and  binder 
in  this  way  the  formation  of  fennsnt-oubetrat^ompounds  (Rredrlok,l957) 
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Group  of  vlteanlns  factor  (cob&laulna)  was  found  in  Anabaena  cylindrica 

in  the  anount  of  about  1  in  1  p  of  dry  woiglit;  this  value  Is  of  the  very  same  nac- 

nituda,  as  in  bacteria,  but  hi.'^her,  than  in  other  algae  and  higher  plants.  Cyaacobala- 
jiiine  constituted  65-70/'»  of  this  anaint,  found  were  also  traces  of  A  aivl  B  factors 
(Brown,  Cuthbertson,  Fogg,  192)6), 

Separation  of  organic  substoncos  by  bluish-gpreen  algae  has  been  noticed  repeatedly. 

In  addition  to  amino  acida  end  peptides, were  detected  separated  Oncillatoria  splondida 
cells  of  mucoid  polysaccharides  of  o:calic,  succinic,  citric, tartaric  acids,  as  \i;ell 
as  volatile  substances  of  the  phytocyte  type, representing  aldehydes  and  volatile  acids 
(Goryunova, 1950).  Similar  separations  of  certain  representatives  of  bluish-green  al¬ 
gae  may  exert  an  unfavorable  effect  on  the  quality  of  water,  making  it  poisonous  for 
fish  and  animals.  Substances,  separated  by  blui3h-£p?een  algae  in  greater  quantities, 
at  points  of  their  mass  development,  apparently,  play  a  greater  role  in  the  formation  of 
sapropela,  dirt  and  humous  soil  complexes. 

Ihe  nature  of  toxic  substances  separated  by  certain  bluish  {preen  has  been  investigated 
very  little.  Toxic  substances  of  filtrates  of  5"^  week  old  cultures  of  Nostoc  muscomm  wer' 
found  to  be  highly  soluble  in  fatty  solvents,  but  not  in  water.  They  had  an  alkaline 
reaction,  fluoresced  in  ultraviolet  light.  But  their  natiire  is  unknown  (Jacob,1957). 

Polyphosphates  were  detected  by  Keck, Stich, 1957)  in  Fhormidium  sp  and  Osoilletoria 
sp,  and  Tischer,1957,  discovered  same  in  18  types  of  bluish-^een  algae. 

Conclusion 

It  is  evident  from  the  presented  review,  tlu^t  in  recent  years  the  number  of  investi¬ 
gations  on  the  chemistry  and  bioehemietry  of  bluisb-g^reen  algae, has  increased.  This 
is  due  to  a  whole  series  of  highly  noticeable  differences  in  the  data  of  algae  and 
other  organisms.  In  first  place  attention  is  attracted  oy  their  noticeable  abilii^ 

to  fix  atmospheric  ixitrogen,  in  spite  of  the  fact  that  the  substancea  fonaad  thereat 
are  not  specific  only  for  bluish-green  algae,  I>uch  remains  unknov;n  in  the  mechanism. 
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of  fixing  the  molecular  nitrogen. 

Among  the  additional  pif^nts  to  chlorophyll  Mt  iiqportant  is  taken  up  by  bili- 
chronorroteines  or  phycobilines  -  phycoerythrin  end  pkyooeyaninos.  Ibis  brings  them 
closer  to  red  algastand  t6  the  jnroperties  of  carbohydrates  as  well. 

Tae  properties  of  bluish«{preen  algae  make  them  a  ^ite  interesting  object  for 
studying  a  whole  series  of  general  problems  of  biochemistry  and  plant  physiology* 
the  more  so,  since  the  separation  of  pure  cultures  from  theljf  natural  populations 
can  be  realized  relatively  easily  with  the  aid  of  certain  antibiotics  (Zahnder,Ihighes 
1958). 

Although  the  total  productivity  of  bluish-green  is  considerably  lower  than  the 
productivity  of  such  algae*  as  diatomic*  in  freash  waters  it  nay  constitute  a  greater 
relative  value  and  exert  an  influence  on  the  biological  productivity  of  this  or  ary 
other  reservoir*  It  should  bo  pointed  out  that  tho  photo  synthetic  ability  of  bluish- 
0reen  is  always  lower  than  that  of  diatooeae  (lbyrina*1959)* 

l^e  content  of  albumina  in  bluish-green  algae  reach**  up  to  35^*  carbohydrates 
UP  to  70%,  lipides  up  to  10^  ashes  and  other  substances  constitute  10-20^  of  dry 
weight.  If  it  is  a8suJMd*that  the  amount  of  lipides  in  these  algae  eqpials  6%  of  the 
organic  substance*  then  a  100  g  of  this  eubstanca  will  have  441  oalcrles.  But  in  spite 
of  the  quite  greater  calculated  caloricity*  a  series  of  data  oIIoa’s  to  assume*  that  * 
bluish-fpreeu  algae  do  not  have  ^eater  xiutrltlonul  value  for  plankton  animals  and 
fish.  In  favor  of  this  are  speaking  the  results  of  cheeilcal  analyses  (about  6S%  of 
organic  substances  constitute  highly  stable  tc  hj'drolyris  carbohydrates)*  byuroblo- 
logical  Inver tigatlons  and  observations  of  water  quality*  of  water  vdilcli  "blooms" 
v/ith  bluish^Cproen  algae* 
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